To elucidate the physiological role of the calcitonin gene-related peptide (CGRP) in teleosts, the expressions of calcitonin gene-related peptide receptor (CGRPR) and CGRP mRNA were examined using the reverse transcription-polymerase chain reaction method in the gills of flounder during adaptation from seawater to freshwater. Another related receptor mRNA, which is estimated to be a calcitonin receptor (calcitonin receptor-like receptor; CTRLR), was also monitored in the gills. The expressions of CGRPR mRNA in the gills decreased after transferring flounder from seawater to dilute seawater and became undetectable in freshwater conditions. In contrast, CTRLR mRNA expression in the gills did not change during acclimation. Interestingly, CGRP mRNA was not detected in gills when flounder were transferred from seawater to dilute seawater or freshwater. Therefore, CGRP secreted from other tissue, such as the intestine, may act on the gills and play a role in the seawater adaptation of flounder.
INTRODUCTION
Calcitonin gene-related peptide (CGRP) is a 37-amino acid hormone encoded by the same gene as calcitonin (CT). 1 In mammals, the mRNA synthesis of two hormones is controlled by tissue-specific alternative splicing; that is, CGRP precursor mRNA is synthesized in the neural tissues, and CT precursor mRNA is synthesized in the thyroidal C cells. 2 The CT/CGRP gene of salmon has been partially characterized, 3 suggesting that salmon CGRP is the product of the alternative splicing of a single gene as demonstrated in mammals. In mammals, it is suggested that CGRP has a role as a neuropeptide because of its distribution in the central nervous system. 2, 4 In addition, CGRP is synthesized in the heart and blood vessels to control the blood flow by a potent vasodilatory action. 5, 6 In teleosts, similar functions are suggested from the distributions of ligand 7 and ligand-binding sites. 8 Teleosts living in seawater tend to lose water by osmosis, whereas those living in freshwater gain water. Under these environmental conditions, the gills play an important role in maintaining the salt and water balance. It is well known that hormonal regulation of biochemical and cytological changes in the gills following seawater and freshwater adaptation is performed by growth hormone and cortisol in the case of seawater adaptation and by prolactin in the case of freshwater adaptation. 9 In trout, it has been reported that CGRP activates carbonic anhydrase of the gill, 10 which functions in gas exchange, acid-base balance, osmoregulation, and the elimination of nitrogenous waste products. 11, 12 Therefore, similar to growth hormone, cortisol, and prolactin, CGRP may play an additional role as an ionic regulator.
Recently, we cloned calcitonin gene-related peptide receptor (CGRPR) cDNA from the gill cDNA library of flounder (Paralichthys olivaceus) and detected CGRPR mRNA in the gill. 13 In addition, CGRP was cloned from flounder genomic DNA. 14 In the present study, the expression patterns of CGRPR and CGRP mRNA in the gills of flounder Original Article concentration. Subsequently, they were anesthetized with ethyl-3-amino-benzoate methanesulfonic acid salt, and then their gills were dissected.
Polymerase chain reaction amplification
Total RNA were prepared from the gills under each condition (100%, 50%, and 25% seawater, and freshwater) and brain under normal conditions (100% seawater) using a total RNA isolation kit (Nippon Gene, Toyama, Japan). To prevent genomic DNA contamination reverse transcription-polymerase chain reaction (RT-PCR) was performed according to the method of Suzuki et al. 15 Briefly, 1 mg of each total RNA was reversetranscribed in 20 mL of solution comprising 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 5 mM MgCl 2 , 1mM of dNTPs, 0.5 units of RAV-2 reverse transcriptase (Takara, Kyoto, Japan), and 1 mL of Oligotex-dT 30 Super (Takara). This solution was incubated for were analysed during adaptation from seawater to freshwater, to examine the possibility that CGRP is involved in osmoregulation. Another related receptor mRNA, which is estimated to be a CT receptor (calcitonin receptor-like receptor; CTRLR), 13 was also monitored in the gills to compare the expression patterns between CGRPR and CTRLR mRNA. The present study is the first report to demonstrate that mRNA expression levels of CGRPR in the gills change during acclimation from seawater to freshwater.
MATERIALS AND METHODS

Adaptation procedure
Male flounder (Paralichthys olivaceus, 410 ± 14 g, N = 4), which were maintained in 100% seawater, were used in the present study. They were transferred to 50% seawater, 25% seawater, and freshwater in that order, being kept for one day at each , and four intracellular domains (Icd 1-4). Each primer set was synthesized according to each receptor sequence in flounder. 13 The positions and directions of primers are shown by arrows in (a). The sequences of the primers are shown in (b). The locations and sequences of each primer are indicated in Fig. 1 . The PCR conditions in which each receptor cDNA could be specifically amplified using the primer sets (CGRPR5¢/CGRPR3¢, CTRLR5¢/CTRLR3¢) were determined with plasmids containing each receptor insert. The conditions for PCR amplification of CGRPR cDNA using a CGRPR5¢/CGRPR3¢ set were 35 or 40 cycles of denaturation for 0.5 min at 96∞C, annealing for 1 min at 64.8∞C, and extension for 2 min at 72∞C, followed by a single cycle at 72∞C for 15 min. Polymerase chain reaction conditions for the amplification of CTRLR cDNA using a CTRLR5¢/ CTRLR3¢ set were 20, 25 or 30 cycles of denaturation for 0.5 min at 96∞C, annealing for 1 min at 57∞C, and extension for 2 min at 72∞C, followed by a single cycle at 72∞C for 15 min.
Gene-specific primers (Table 1) for flounder CGRP were designed in the mature flounder CGRP. 14 The conditions for PCR amplification of CGRP cDNA were 45 cycles of denaturation for 0.5 min at 96∞C, annealing for 1 min at 60∞C, and extension for 2 min at 72∞C, followed by a single cycle at 72∞C for 15 min. Elongation factor 1a (EF1a) cDNA was also amplified as a control for mRNA expression using a set of primers (Table 1) designed to amplify a flounder EF1a fragment of 308 bp. 16 The PCR parameters were 25 cycles at 96∞C for 0.5 min, 60∞C for 1 min, and 72∞C for 2 min, followed by a single cycle at 72∞C for 15 min. The PCR products were analysed on 2.5% for each receptor cDNA and EF1a cDNA, and 4% for CGRP cDNA NuSiveGTG agarose gel (FMC Bioproducts, Rockland, MA, USA) and stained with ethidium bromide.
RESULTS
Expressions of CGRPR and CTRLR in the gills of flounder during adaptation to low-salinity water
Results are shown in Fig. 2 . In the gills of seawateradapted flounder, the specific PCR product of CGRPR was detected in 35 cycles. The expressions of flounder CGRPR mRNA in the gills decreased when transferred from seawater to dilute seawater. In the gills of freshwater-adapted flounder, a PCR product was not obtained even at 40 cycles. EF1a cDNA were amplified equally from all gills. Conversely, the PCR products of CTRLR were amplified equally from the gills under all conditions. These bands appeared clearly in 25 cycles.
Expression of CGRP in the gills of flounder during adaptation to low-salinity water
Results are shown in Fig. 3 . The specific PCR product of CGRP was not amplified in the gills of seawater-adapted flounder. Neither was a PCR product obtained after flounder were transferred from seawater to dilute seawater and freshwater. hypocalcemic hormone in teleosts as well as in mammals. But plasma CT levels did not increase when eel was transferred for at least 8 h from freshwater to seawater. 19 Similarly, in coho salmon, plasma CT levels do not change for the initial processes of seawater adaptation. 21 This seems to agree with the results of the present study that the levels of CTRLR mRNA expression do not change during adaptation (Fig. 2) . Considering these data, we speculate that CT is not related to osmoregulation in teleosts, and that its secretion and function do not correlate with changes in environmental calcium.
It is well known that growth hormone, prolactin, and cortisol are involved in the osmoregulation of teleosts 9 and that biochemical and cytological changes in the gills are induced by these hormones. 9 The present study indicates the possibility that CGRP also acts on the osmoregulation of flounder. To ascertain this possibility, it is essential to reveal the distributions of receptor mRNA in the gill and the effects of CGRP on the biochemical and cytological features of the gill. Therefore, we applied in situ hybridization of CGRPR to the gills using a digoxigenin (Dig)-labeled RNA probe; however, no positive signal could be detected, probably because the expression level of CGRPR mRNA was below the detection level (data not shown). This is also supported by the result that a positive signal was not detected by northern blotting using a dig-labeled RNA probe (data not shown). Therefore, we are currently planning to prepare antibodies against two receptors and to detect the receptor-expressing cells by immunohistochemical methods. Conversely, EF1a cDNA were amplified equally from the gills under all conditions.
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DISCUSSION
The present study is the first to demonstrate that CGRPR mRNA expressions in the gills of flounder changed when the fish were transferred from seawater to dilute seawater or freshwater (Fig. 2) . In rainbow trout, plasma CGRP concentrations increase during adaptation from freshwater to seawater and, at the same time, the specific binding of CGRP to its branchial membrane receptors also increases. 17 The changes of CGRPR mRNA expression patterns in the gills of flounder are in agreement with the results of rainbow trout. The origin of the plasma CGRP is unlikely to be the gills because CGRP mRNA could not be detected in the gills of flounder under any conditions (Fig. 3) . We found recently that CGRP mRNA is expressed in the intestine of seawater-adapted flounder.
14 The intestine is also an important organ for osmoregulation in teleosts; 9 therefore, we speculate that CGRP secreted from the intestine acts on the gills.
Calcitonin is a hypocalcemic hormone that can mineralize bones by suppressing the activities of osteoclasts in mammals. 18 In eel, we demonstrated recently that plasma CT levels increase with the rise of plasma calcium caused by a dietary uptake of calcium. 19 In addition, we found that CT suppresses scale osteoclastic activities in goldfish and nibbler fish. 20 These results suggest that CT is a 428
FISHERIES SCIENCE
N Suzuki et al. 
